Abstract. In the present study, we aimed to investigate the involvement of Snail in NF-κB-mediated changes of E-cadherin in gastric cancer. A total of 189 human gastric cancer tissues, and 32 normal gastric mucosal tissues were used to determine the expression levels of NF-κB, E-cadherin and Snail by immunohistochemistry. The correlation between the expression levels and patient clinicopathological data was analyzed. Human gastric cancer cell line SGC7901 was treated with the NF-κB inhibitor PDTC, and the expression levels of E-cadherin and Snail were investigated by qPCR and western blot. NF-κB, E-cadherin and Snail were all detected in normal gastric mucosa and cancer tissues of various differentiation statuses. However, the expression patterns of each protein were different. Strong expression of E-cadherin was detected in normal gastric mucosa, whereas its expression gradually declined in gastric cancer tissues, with weak expression observed in poorly differentiated gastric cancer tissues. In contrast, weak NF-κB and Snail expressions were present in normal gastric mucosa, while their expression levels gradually increased in gastric cancer tissues, with the strongest expression detected in poorly differentiated gastric cancers. The expression of E-cadherin was inversely correlated with that of Snail and NF-κB in the tissues tested. Blockade of NF-κB using its inhibitor PDTC led to a time-dependent reduction in Snail but a time-dependent increase in E-cadherin in SGC7901 cells. These results suggest that in human gastric cancer, loss of E-cadherin may be mediated through NF-κB-induced Snail upregulation. Further studies may reveal whether targeting the NF-κB-Snail-E-cadherin axis could be a useful approach for combating gastric cancer.
Introduction
Gastric cancer is a major public health issue worldwide particularly in China. According to cancer statistics published in 2011, gastric cancer is the fourth most frequently diagnosed cancer and the third most common cause of cancer-related mortality in men, whereas in women it is the fifth most common malignancy in regards to incidence and mortality rate (1, 2) . The highest incidence rates of gastric cancer are in Eastern Asia, Eastern Europe and South America (1, 2) . In China, gastric cancer is the third most common malignancy and the leading cause of cancer-related death (3, 4) . Lack of effective treatment options for advanced gastric cancer is largely due to a poor understanding of the molecular mechanisms involved in the development of gastric cancer.
Nuclear factor-κB (NF-κB) is a ubiquitously expressed family of Rel-related transcription factors (5) . Abnormal activation of NF-κB reduces cell sensitivity to apoptotic stimuli and therefore facilitates the survival of transformed cells (6) . NF-κB is involved in the control of cell growth and oncogenesis. Constitutive activation of NF-κB in cancer cells is partially responsible for the observed resistance to chemotherapy and radiotherapy (7) . As a ubiquitous transcription factor, NF-κB regulates the expression and function of numerous target genes, among which and of most relevance to cancer development is E-cadherin.
E-cadherin is a major cell-cell adhesion molecule that plays a significant role in the establishment and maintenance of cell-cell interactions and tissue architecture (8) (9) (10) . A negative correlation between NF-κB and E-cadherin in gastric cancer cells has recently been reported (11) . It was recently shown that connective tissue growth factor (CTGF) downregulated the expression of E-cadherin through activation of NF-κB (11) . Loss of E-cadherin expression is associated with enhanced tumor progression, increased invasive and metastatic potential of cancer cells and a poor overall prognosis in
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patients with gastric cancer and other malignancies (12) (13) (14) (15) . However, as gastric cancer is a multifactorial disease (16), loss of E-cadherin alone cannot explain the increased malignant tendency of gastric cancer cells (17) . Interaction between E-cadherin and other genes could well be involved in the development of gastric cancer and its malignant phenotype. We supposed that Snail may be a critical factor in mediating the regulatory role of NF-κB on its target genes, which has not been reported in the literature. Snail is a member of the Snail superfamily of zinc finger transcription factors (18) . It plays an important role in embryonic development, neural differentiation, cell division and survival (19, 20) . Overexpression of Snail mRNA was able to downregulate the expression of E-cadherin in diffuse-type gastric carcinoma (21, 22) . However, it is not clear whether Snail is a critical transcription factor for the regulatory role of NF-κB regarding its target genes.
This study aimed to evaluate whether NF-κB-mediated changes in E-cadherin are regulated through Snail.
Materials and methods

Donor blocks and patient information.
Paraffin-embedded blocks of gastric tissues (previously fixed in 10% formaldehyde) were obtained from 189 patients with gastric cancer who underwent surgical operations at the Wuwei Tumor Hospital, Gansu Province, China. The diagnosis of gastric adenocarcinoma was based on the World Health Organization (WHO) diagnostic criteria, and was confirmed by two independent pathologists. Based on the WHO Classification of Tumors of the Digestive System (23), there were 100 cases of poorly differentiated gastric adenocarcinoma, 44 cases of moderately differentiated gastric adenocarcinoma, and 45 cases of well-differentiated gastric adenocarcinoma. The patient study population had a mean age of 55 (range, 30-73) years at the time of operation, with an overall male to female ratio of 3.3:1. None of the patients had received any chemotherapy and/or radiotherapy prior to surgery. The detailed patient characteristics are summarized in Table Ⅰ . Paraffin-embedded blocks of normal gastric mucosal tissues (n=32) were obtained from healthy subjects who underwent gastroscopy in the same hospital for other non-malignant gastric conditions. Written consent from all patients was obtained prior to the study. The study was approved by the Institutional Human Ethics Committee of the First Clinical School of Lanzhou University.
Tissue microarray (TMA) construction. The collected paraffin blocks were used as donor blocks to make eight TMA recipient blocks. In each donor block, morphologically representative areas were chosen and marked on their respective H&E slides. A tissue core of 0.6 mm in diameter from each donor block was taken using a cylindrical tissue puncher (Beecher, Beecher Instruments, Silver Spring, MD, USA) and transferred into the hole on the recipient paraffin block. The distance between each recipient hole was kept constant at 1 mm. Duplicate tissue cores from each donor tissue were positioned side by side. The detailed matrix plan for the arrangement of the constructed TMA was recorded for correct tissue identification.
Immunohistochemistry assays. The above-constructed TMA blocks were cut into sections of 4-µm thickness, dewaxed in xylene and rehydrated in graded alcohols. The slides were boiled for 30 min in citrate buffer (10 mM; pH 6.0) in a microwave oven at 250-300 W and then cooled to room temperature. Before immunohistochemical staining, the slides were incubated with 3% H 2 O 2 in PBS for 10 min to quench the endogenous peroxidase activity, followed by incubation with 3% BSA for 15 min to block the non-specific binding of the antibody.
For immunohistochemical staining, the slides were incubated for 1 h at 37˚C with primary antibody against E-cadherin (monoclonal, dilution 1:250, Abcam, USA), NF-κB p65 (monoclonal, dilution 1:200, Abcam), and Snail (polyclonal, dilution 1:200, Abcam). The slides were then washed with PBS for three times, incubated with biotinconjugated secondary antibody (1:150, Abcam) for 40 min at 37˚C, washed with PBS, and then incubated with streptavidinhorseradish peroxidase (SHRP) (Thermo Fisher Scientific, USA) for 40 min at room temperature. DAB (2,3-diaminobenzidine tetrahydrochloride) (Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd., China) was used to develop the peroxidase reaction, and the slides were counterstained with hematoxylin. The experimental validity was confirmed by using negative controls in which the primary antibody was replaced by 5% BSA. The slides were reviewed independently by two pathologists, and the staining for each protein was scored according to the criteria established in Table Ⅱ and as previously reported (24) . Representative areas were photographed for data presentation. 
Culture of gastric cancer cells and treatment with NF-κB inhibitor PDTC. SGC7901 cells (a human gastric cancer cell line;
Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences, Shanghai, China) were cultured in RPMI-1640 medium (Gibco, Carlsbad, CA, USA) supplemented with 1% penicillin and streptomycin (Gibco) and 10% heat-inactivated fetal bovine serum (Hangzhou Sijiqing Biological Engineering Materials Co., Ltd., Hangzhou, China) at 37˚C in a humidified atmosphere containing 5% carbon dioxide.
To block the activity of NF-κB, cells were treated with 50 µM of a chemical inhibitor of NF-κB, pyrrolidine dithiocarbamate (PDTC). This optimal dose was based on our preliminary study by sulforhodamine B (SRB) assay, which revealed that 50 µM of PDTC was able to effectively block the expression and activity of the NF-κB subunit p65 in gastric cancer cells. The SRB assay was performed as previously reported (25, 26) .
Quantitative real-time PCR (qPCR).
Total RNA of the treated cells was extracted using the Ze Spin Column of the Total RNA Isolation kit (Takara, Dalian, China). Total RNA (1 µg) was reverse-transcribed into cDNA using the PrimeScript™ RT Reagent kit (Takara) according to the manufacturer's instructions. The synthesized cDNA samples were subjected to qPCR using SYBR ® Premix Ex Taq™ reagent (Takara). All qPCR reactions were performed using Rotor-Gene 3000 (Corbett, Australia), with each PCR cycle consisting of denaturation for 15 sec at 95˚C, annealing for 45 sec at 62˚C and extension for 30 sec at 72˚C. β-actin was used as the internal reference. The qPCR primers were as follows: E-cadherin (sense: 5'-TTAAACTCCTGGCCTCAAGCAATC-3', antisense: 5'-TCCTATCTTGGGCAAAGCAACTG-3'), NF-κB/ P65 (sense: 5'-TCAGTCAGCGCATCCAGACC-3', antisense: 5'-CAGAGCCGCACAGCATTCA-3'), Snail (sense: 5'-CGC GCTCTTTCCTCGTCAG-3', antisense: 5'-TCCCAGATGA GCATTGGCAG-3'), β-actin (sense: 5'-TGGCACCCAGCA CAATGAA-3' , antisense: 5'-CTAAGTCATAGTCCGCCTAG AAGCA-3'). For data analysis, fold induction relative to internal controls was calculated by the ∆ Ct evaluation method.
Western blot assay. Total protein from the treated cells was extracted using RIPA buffer (Beyotime, Shanghai, China) supplemented with phenylmethylsulfonyl fluoride (PMSF) and protease inhibitor cocktails (Roche, Germany), and the protein concentrations were measured by a BCA protein quantitative assay kit (Applygen, Beijing, China). The cell lysates were cleared by centrifugation at 10,000 x g for 5 min at 4˚C. Equal amounts of total proteins were resolved on 10% polyacrylamide gels (SDS-PAGE) and transferred to PVDF membranes, which were incubated with primary antibodies (E-cadherin, NF-κB and Snail) at a dilution of 1:1,000 overnight at 4˚C. The membranes were then incubated with HRP-conjugated secondary antibody (1:10,000) for 1 h at room temperature and exposed using an enhanced chemiluminescence (ECL) detection system (Applygen) and visualized by autoradiography. β-actin was used as the internal reference.
Statistical analysis. SPSS 15.0 was used for data analysis. All values are expressed as means ± SD. The Student's t-test was used to evaluate the difference between mean values. Immunohistochemical staining was quantitated and differences between groups were assessed by the χ 2 test. A P-value of <0.05 was considered to indicate a statistically significant result.
Results
Expression pattern of E-cadherin. E-cadherin was detected in all tissues tested, including normal gastric epithelial tissues, adjacent non-cancerous gastric epithelial tissues and gastric cancer tissues. In normal gastric mucosa, strong expression of E-cadherin was present as a membranous protein, with some weak staining in the cytoplasmic compartment. In gastric cancer tissues, E-cadherin was largely expressed in cytoplasmic compartments with weak expression on the membrane. Normal gastric mucosal tissues expressed a higher level of E-cadherin (Fig. 1A) than gastric cancer tissues (Fig. 1B-D) . Among the gastric cancer tissues, a higher level of E-cadherin was detected in the well/moderately differentiated cancer tissues (Fig. 1B and C) than in poorly differentiated cancer tissues (Fig. 1D) . Overall, E-cadherin was detected in 22% (41/189) of gastric cancer tissues, 55.6% (30/54) of matched non-cancerous gastric tissues, and 100% (32/32) of normal gastric mucosa. By Chi-square (χ 2 ) test, gastric cancer tissues expressed a reduced level of E-cadherin compared to the matched non-cancerous gastric tissues (χ 2 =22.382, P=0.000), and normal gastric mucosa (χ 2 =74.33, P=0.000). Of note, reduced expression of E-cadherin was observed in matched non-cancerous gastric tissues when compared with tha normal gastric mucosa (χ 2 =19.728, P=0.000). As shown in Table Ⅲ , increased E-cadherin expression in gastric cancer tissues strongly correlated with a better differentiation status (P=0.000) and less invasion (P=0.004). By Lauren classification, higher expression level of E-cadherin was found in tumors of intestinal type than in tumors of diffuse type (P=0.002). The expression of E-cadherin did not appear to be associated with age, gender, tumor size and lymph node metastasis. 
. Immunohistochemical staining of E-cadherin (A-D), NF-κB (E-H), and Snail (I-L) in normal gastric mucosa (A, E, I) and gastric cancer tissues (B-D, F, G, H, J, K and L). The expression levels of these proteins were examined in well-differentiated (B, E-cadherin; F, NF-κB; J, Snail), moderately differentiated (C, E-cadherin; G, NF-κB; K, Snail), and poorly differentiated (D, E-cadherin; H, NF-κB; L, Snail) gastric cancer tissues. Representative images are shown.
Original magnification, x200. Table Ⅲ . Relationship between E-cadherin expression and clinicopathological factors in 189 patients with gastric cancer. Expression pattern of NF-κB. NF-κB was detected in the cytoplasmic and nuclear portions of cells in normal gastric mucosa, matched non-cancerous gastric tissues and gastric cancer tissues to a various extent. Unlike E-cadherin, gastric cancer tissues (Fig. 1F-H) expressed a significantly higher level of NF-κB than non-cancerous gastric tissues (data not shown) and normal gastric mucosa (Fig. 1E) . Among the gastric cancer tissues, a higher level of NF-κB was detected in poorly differentiated cancer tissues (Fig. 1H ) than in well/moderately differentiated cancer tissues ( Fig. 1G and F) . Overall, NF-κB was detected in 75.1% (142/189) of gastric cancer tissues, 42.6% (23/54) of matched non-cancerous gastric tissues, and 15.6% (5/32) of normal gastric mucosal tissues. By χ 2 test, the expression of NF-κB was significantly higher in gastric cancer tissues compared to that in the matched non-cancerous gastric tissues (χ 2 =20.404, P=0.000) and normal gastric mucosa (χ 2 =43.511, P=0.000). Matched non-cancerous gastric tissues also expressed a higher level of NF-κB than the normal gastric mucosa (χ 2 =6.655, P=0.010). In patients with gastric cancers, increased expression of NF-κB was found to be strongly correlated with an increased tendency for lymph node metastasis (P=0.018), deeper tumor invasion (P=0.010), poor tumor differentiation (P=0.021), and diffuse type of cancer histology (P=0.007) ( Table Ⅳ) . The expression of NF-κB was, however, not associated with gender, age and tumor size.
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Expression pattern of Snail. Snail had a similar expression pattern as NF-κB in that it was detected in the cytoplasmic and nuclear compartments of cells in normal gastric mucosa, matched non-cancerous gastric tissues, and gastric cancer tissues. Gastric cancer tissues (Fig. 1J-L) expressed a significantly higher level of Snail than non-cancerous gastric tissues (data not shown) and normal gastric mucosa (Fig. 1I) . Among the gastric cancer tissues, a higher level of Snail was detected in poorly differentiated cancer tissues (Fig. 1L ) than in well/moderately differentiated cancer tissues ( Fig. 1J and H) . Overall, Snail was detected in 75.7% (143/189) of gastric cancer tissues, 48.45% (26/54) of matched non-cancerous gastric tissues, and 18.75% (6/32) of normal gastric mucosal tissues. By χ 2 test, the expression of Snail was significantly higher in gastric cancer tissues compared to that in the matched non-cancerous gastric tissues (χ 2 =23.67, P=0.000) and that in normal gastric mucosa (χ 2 =55.95, P=0.000). Matched noncancerous gastric tissues also expressed a higher level of Snail than that in the normal gastric mucosa (χ 2 =7.89, P=0.010). As shown in Table Ⅴ , in patients with gastric cancer, increased expression of Snail was found to be strongly correlated with increased potential for lymph node metastasis (P=0.03), increased tumor invasion (P=0.018), poor tumor differentiation (P=0.032), and diffuse type of cancer histology (P=0.003). Similar to NF-κB, the expression of Snail was not associated with gender, age and tumor size.
Effect of NF-κB blockade on the expression of E-cadherin and Snail.
The above results showed that in gastric cancer tissues, there was a close correlation between the expression of NF-κB, Table Ⅳ . Relationship between NF-κB expression and clinicopathological factors in 189 patients with gastric cancer. E-cadherin and Snail. We proposed that NF-κB may regulate the expression of E-cadherin via the transcription factor Snail. In order to examine for this, we chose gastric cancer cell line SGC7901 as a model to investigate whether modulation of NF-κB in this cell line could affect the expression of E-cadherin and Snail. Following treatment of SGC7901 cells with 50 µM of the NF-κB inhibitor PDTC, for 0, 12, 24 and 36 h, a time-dependent reduction in NF-κB was noted at the mRNA ( Fig. 2A) and protein (Fig. 2B ) levels. Similarly, PDTC-induced reduction of NF-κB in SGC7901 cells was associated with a reduced expression of Snail in a time-dependent manner at both the mRNA and protein levels (Fig. 2) . On the other hand, blockade of NF-κB with PDTC rendered a time-dependent increase in the expression of E-cadherin at both the mRNA and protein levels (Fig. 2) .
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Discussion
Gastric cancer is a multifactorial disease. Despite numerous studies, the molecular mechanisms for gastric cancer development have not yet been clarified. Our previous studies Table V . Relationship between Snail expression and clinicopathological factors in the 189 patients with gastric cancer. demonstrated that loss of E-cadherin contributes to the local and distant spread of gastric cancer (15, 27) . The expression and function of E-cadherin can be regulated by many factors such as β-catenin and NF-κB (15, 28, 29) . Our current study suggests that in gastric cancer, increased expression and activity of NF-κB may contribute to the observed loss of E-cadherin, and this biological change may be caused through NFκB-mediated alteration in the expression of Snail. NF-κB is a critical transcription factor involved in the regulation of many signaling pathways that are important in inflammation, the immune response and cancer development (30, 31) . The importance of NF-κB in the development of gastric cancer has been well-documented (32) (33) (34) . In the present study, we found a reverse correlation between the expression of E-cadherin and NF-κB in normal and malignant gastric tissues. High expression level of E-cadherin in normal gastric mucosa was correlated with a low level of NF-κB, whereas in malignant gastric tissues, loss of E-cadherin was correlated with an increased activity of NF-κB.
E-cadherin is a cell-cell adhesion molecule that plays an important role in the formation of cell polarity and tissue architecture (8, 9) . Although studies on E-cadherin-deficient mice have provided little support concerning the role of E-cadherin in the development of gastric adenocarcinoma (17) , numerous studies have shown that loss of E-cadherin is closely related to increased tumor cell migration, more aggressive invasion and metastasis, and poor prognosis of gastric cancer (35, 36) . Additionally, E-cadherin expression negatively controls the transcriptional activity of NF-κB (29) . We speculated that the inverse relationship between these two molecules may be an important mechanism in gastric cancer formation and metastasis.
The inverse correlation between E-cadherin and NF-κB was recapitulated in our in vitro study in gastric cancer cells. When NF-κB was blocked using its chemical inhibitor PDTC in SGC7901 cells (as shown by a time-dependent decrease in the NF-κB subunit p65 at the mRNA and protein levels), we observed a time-dependent increase in the expression of E-cadherin. Such an inverse correlation between NF-κB and E-cadherin may be regulated by NF-κB-regulated Snail activity, as blockade of NF-κB was also followed by a timedependent inhibition of Snail. As blockade of NF-κB has been shown to inhibit the growth of cancer cells (37) (38) (39) (40) , we believe that NF-κB-mediated cancer cell growth may be regulated through the transcription factor Snail.
Snail is an important transcription factor that has been shown to regulate many extracellular matrix genes (20, 41, 42) . Several studies have demonstrated that Snail functions as a direct inhibitor for the transcription of E-cadherin (43, 44) , particularly in malignant tumors (45) . In addition, Snail was recognized as an independent marker for the prognosis of patients with gastric carcinoma (46) . Our study indicates that in gastric cancer cells, the regulatory effect of NF-κB on its target genes such as E-cadherin is likely mediated through Snail. To support this finding, previous studies have shown the presence of the NF-κB binding sequence on the promoter of the Snail gene (47, 48) .
As NF-κB plays an important role in the control of growth and survival of cancer cells, and loss of E-cadherin is closely related to the development of gastric cancer and its metastasis, our data not only provide a new mechanism of how NF-κB may regulate E-cadherin in gastric cancer, but also potentially opens a new avenue for possible therapeutic targeting. If Snail is a critical intermediating factor between NF-κB and its targets, then specific targeting of Snail may be of therapeutic benefit. Further studies using more cell lines involving specific knockdown of Snail (e.g., using siRNA) and appropriate in vivo studies are needed to generate more valuable data to confirm such an assumption.
In conclusion, our results showed that in gastric cancer, loss of E-cadherin in gastric epithelial cells may be regulated through NF-κB-mediated Snail signaling. Further studies are warranted to clarify the role of the NF-κB-Snail-E-cadherin axis in gastric cancer.
